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(57) ABSTRACT

In a method and magnetic resonance (MR ) apparatus to sepa-
rate a signal component of a cerebrospinal fluid from other
signal components in the acquisition of MR i1mages of an
examination subject, a first signal acquisition with spin echo-
based signals 1s executed, 1n which the signal components of
the cerebrospinal fluid and the other signal components have
the same phase position, and a second signal acquisition with
spin echo-based signals 1s then executed, 1n which the signal
components of the cerebrospinal fluid and the other signal
components have an opposite phase position. An MR 1mage
with signals of the other signal components 1s determined
based on the two signal acquisitions with the signal compo-
nent of the cerebrospinal fluid 1s significantly suppressed.

12 Claims, 4 Drawing Sheets
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MAGNETIC RESONANCE IMAGING
METHOD AND APPARATUS WITH
PHASE-SENSITIVE FLUID SUPPRESSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention concerns a method to separate a
signal component of a cerebrospinal fluid from other signal
components 1n the acquisition of MR 1mages of an examina-
tion subject. The mvention 1s particularly suitable for use in
the acquisition of MR 1mages of the brain.

2. Description of the Prior Art

Cerebrospinal flmd (CSF) 1s a clear, colorless liquid that
f1lls the cerebral ventricles and the spinal canal and protects
the brain and the spinal cord from shocks, and serves as a
medium for material exchange. Cerebrospinal fluid has a long,
T, relaxation time which leads to a very bright signal in T,
weilghted 1mages of the brain. Pathologies in the brain, for
example multiple sclerosis (MS), likewise have a relatively
long T, relaxation time, such that the strong signal of the
cerebrospinal fluid can occlude the signals of the pathological
tissue 1n T,-weighted 1images of the brain. For this reason the
signal portion of cerebrospinal fluid should be suppressed for
a precise diagnosis.

In order to eliminate the CSF signal portions, 1t 1s known to
use an IR (inversion recovery) preparation pulse in connec-
tion with a long inversion time TI due to the long T, relaxation
time of the cerebrospinal fluid. However, this long IR prepa-
ration phase increases the total acquisition time of the 1images
to a significant degree and leads to a reduced contrast between
white and grey brain matter. For this reason the application of
an IR preparation for T,-weighted 1images with CSF suppres-
s101 1s not possible.

Furthermore, M. Essig et al. “Assessment of Cerebral Glio-
mas by a New Dark Fluid Sequence HIRE (High Intensity

Reduction)” 1n Proc. Intl. Soc. Mag. Reson. Med. 8, 2000,
Page 386 discloses acquiring two 1mages with different con-
trast 1n a single measurement, wherein one 1mage 1s
T,-weighted while the other i1mage 1s very strongly
T,-weighted. Almost exclusively CSF signal contributions
exist 1n the very strongly T,-weighted 1mage due to the long
T, time. Inthis method, the second 1image 1s used as a scale for
the cerebrospimnal fluid, wherein a CSF-suppressed
T,-weighted 1mage 1s generated by a subtraction of the two
images. However, since pathologies as well as multiple scle-
rosis have a relatively long T, time, the pathological signals
can likewise be reduced by the subtraction of the two 1images.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a method 1n
which the signal portions of the cerebrospinal fluid are sepa-
rated from the signal portions of other tissue components in
T,-weighted exposures.

This object 1s achieved by a method to separate a signal
component of a cerebrospinal fluid from other signal compo-
nents 1n the acquisition of MR images of an examination
subject, wherein according to the invention, a first signal
acquisition 1s executed with spin echo-based signals, with the
signal component of the cerebrospinal fluid and the other
signal components having the same phase position 1n this first
signal acquisition. Furthermore, a second signal acquisition
with spin echo-based signals 1s executed in which the signal
component of the cerebrospinal fluid and the other signal
components have an opposite phase position. This means
that, given the spin echoes in the first signal acquisition, the
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echoes of the two components have the same phase position
while, 1in the second signal acquisition, the two signal com-
ponents have the opposite phase position. An MR 1image with
signals of the other signal components and with suppressed
signal component of the cerebrospinal fluid can be subse-
quently determined based on the two signal acquisitions.
With the method according to the invention 1t 1s possible to
generate an MR 1mage that essentially contains only the other
signal components (such as signals of the grey and white
brain matter), wherein the signal component of the cere-
brospinal fluid 1s essentially suppressed, and thus pathologi-
cal tissue structures cannot be occluded. With the two signal
acquisitions it 1s possible to separate tissue components that
do not differ due to a different resonance frequency (for
instance fat and water) but rather have essentially the same
resonance Irequency, and to calculate an 1image 1n which the
one tissue component 1s suppressed.

After the first signal acquisition and before the second
signal acquisition, a wait occurs for a first time span1_,
that 1s smaller than the T, time constant of the cerebrospinal
fluad. If the two signal acquisitions are repeated with a rep-
ctition time TR, after the second signal acquisition and before
the next first signal acquisition the method waits for a time
span 1_; - that 1s longer than T,_, . The two time spans
T..,,..,and T, ., . can hereby be selected so that T, , 1s
between 3 and 50 times longer than T,_, . For example, the
time span T _; ., can be between 100 and 150 ms while the
time span T,_, ., can advantageously be between 500 and
5000 ms. The imaging sequence thus has the following work-
flow: first signal acquisition; T,_, _,; second signal acquisi-
tion; T, _,  -; Tollowed by the next first signal acquisition. To
separate the phase position of the cerebrospinal fluid and the
phase position of the other components, the magnetization 1s
advantageously inverted at the end of the first signal acquisi-
tion, meaning that 1t 1s aligned opposite to the direction of the
polarization field Bo. The direction of the polarization field
that 1s responsible for the polarnization of the protons in the
magnetic field 1s typically indicated with z, such that after the
inversion the magnetization lies 1 the direction of the
—Z-axis.

Both the magnetization component of the cerebrospinal
fluid and the other signal components are hereby 1nverted.
Due to the different T, times of the cerebrospinal fluid and the
other tissue components, via the time span T,_, , 1t can be
achieved that the magnetization component of the cerebrospi-
nal fluid 1s aligned opposite to the magnetization component
of the other tissue components. This can 1n particular be
achieved 1n that the first time span T, _, ., 1s selected such
that, after expiration of 'T_, _,,the magnetization component
ol the cerebrospinal fluid 1s still aligned opposite to the direc-
tion of the polarization field while the magnetization compo-
nent of the other signal components 1s already aligned parallel
to the direction of the polarization field due to the shorter T,
time. In the second signal acquisition, this opposite phase
position 1s then retained upon radiation of the RF pulses such
that resulting spin echoes have an opposite phase position.

For an optimization of the signal before mversion of the
magnetization at the end of the first signal acquisition, a pulse
series can be used for inversion, wherein RF pulses are radi-
ated first that maximize the magnetization in the transversal
plane perpendicular to the polarization field before this maxi-
mized magnetization 1s then inverted opposite to the direction
of the polarization field. For example, two RF pulses with
different flip angles can be used to maximize the transversal
magnetization.

Furthermore, for signal optimization 1t 1s possible to use

variable tlip angles 1n the refocusing pulses to generate spin
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echo trains. As 1s typical 1n fast spin echo sequences, 1n an
excitation pulse and multiple refocusing pulses the signal
difference between grey brain matter and white brain matter
can 1n particular be maximized by the variable tlip angles.

An MR 1mage that essentially possesses only a signal por-
tion of the other signal components can be calculated with the
aid of the two signal acquisitions and a scaling factor c_4
wherein this factor represents the signal ratio of the magne-
tization of the cerebrospinal fluid to the total signal in the
second signal acquisition. The signals of the first signal acqui-
sition and the second signal acquisition are measured, and the
scaling factor ¢ -can be determined with the aid of the Bloch
equations so that an essentially CSF-1ree MR 1mage can be
calculated when the two signal intensities and the factor c_,
are known. In order to reduce the influence of signal portions
in the second signal acquisition relative to noise, a cerebrospi-
nal fluid mask can be formed before the reconstruction in that
only pixels that have an 1image signal above a predetermined
threshold are taken 1nto account.

The invention furthermore concerns an MR system which
1s 1n the position to calculate an MR 1mage of the other signal
components and suppressed cerebrospinal fluid as explained
above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an MR system with which
a method for separating cerebrospinal fluid from other signal
components can be implemented.

FIG. 2 1s a sequence diagram to separate the two signal
components.

FI1G. 3 shows the pulse series 1n the first and second si1gnal
acquisition.

FIG. 4 shows the development of the magnetization in the
imaging sequence from FIG. 2.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

In FIG. 1 a magnetic resonance (MR) system 10 1s shown
with whose help MR 1mages can be generated 1n which the
signal components of the cerebrospinal fluid can be sup-
pressed to the greatest possible extent in T,-weighted images
of the brain. The MR system has a basic field magnet 11 to
generate a polarization field B, that, for example, can run 1n
the z-direction. To generate MR 1mages, an examination sub-
ject 13 arranged on a bed 12 1s driven into the basic field
magnet 11 1n order to there acquire exposures of the brain of
the examination subject, for example. To generate the MR
images, a gradient system 14 1s provided to generate magnetic
field gradients, an RF system (not shown) 1s provided to
radiate RF pulses, and coils are provided to detect the signals
induced by the RF radiation. In a control unit 15 which is used
to control the workflow of the MR examination, a pulse
sequence control unit 16, an image computer 17, a memory 18
and a display 19 with a control interface 20 are provided. The
general functionality of an MR system to generate MR
images via radiation of RF pulses and switching of gradients
for localization of the detected signals 1s known to those
skilled 1n the art need not be explained 1n detail herein. For
clarnity, only the elements that are of importance for the com-
prehension of the present invention are explained 1n detail.

The control unit 15 furthermore includes a computer 21
with which the MR 1mage can be calculated, 1n which com-
puter 21 the signal component of the cerebrospinal fluid 1s
significantly suppressed while the other signal components 1n
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the MR 1mage are present. How a generation of such an MR
image 1s possible 1s described 1n detail in connection with

FIGS. 2-4.

Schematically presented 1in FIG. 2 1s the pulse sequence
with which MR 1mages of the brain can be achieved with good
signal contrast between white and grey brain matter, wherein
the signal portion of the cerebrospinal fluid 1s minimized in
T,-weighted sequences. The imaging sequence used for
imaging 1s a fast spin echo sequence with two acquisitions
within one measurement. The pulse sequence scheme of the
first acquisition possesses an excitation 22 that, for example,
can be a non-selective excitation of the spins. After the exci-
tation for the spin echo sequence (1.e. after the 90° pulse), the
refocusing pulse 23 follows to generate the spin echoes, 1ol-
lowed by an 1nversion or re-establishment pulse series 24 1n
which the remaining magnetization after the refocusing
pulses 1s first maximized in the transversal plane before the
magnetization 1s inverted in the directed opposite the direc-
tion of the polarization field B,. The acquisition 2, which
corresponds to the acquisition 1 with the same excitation 22,
refocusing pulse series 23 and inversion 24, follows after a
time span 1, .. Belore the pulse sequence 1s repeated with
the repetition time TR, a second time span T, _, ., that 1s
significantly larger than the time span'l5_, ., occurs after the
end of the second acquisition. The pulse series of the two
acquisitions 1 and 2 1s described 1n detail in connection with
FIG. 3. After the 90° excitation pulse (that, in the shown
example, 1s a non-selective excitation pulse along the x-axis),
the retfocusing pulses a, , through A, follow that are respec-
tively spaced around the time span ESP. The interval between
the 90° excitation pulse and the first refocusing pulse o, ,, 1s
hereby ESP/2. As 1s apparent from the size of the bars that
schematically represent the tlip angle, at the beginning large
tlip angles are used (for example flip angles over)80°, wherein
tlip angles of 20°-25° are used after fewer than 5 RF pulses.
The tlip angle subsequently increases continuously, wherein
at the conclusion the inversion pulse series with the RF pulses
p1.,» B2, and the last inversion pulse 1s applied. The magne-
tization 1n the transversal plane reaches maximum with the
two pulses {3, and [3, before this 1s inverted in the direction
opposite to the polarization field with the last 90° pulse. The
signal contrast between white and grey brain matter can be
maximized via the pulse sequence shown 1n FIG. 3. The flip
angles of the first two pulses of the inversion pulse series 3,
and [3, can be calculated as follows:

;Bn,y — ﬁmaxcgs(‘l(z -n)), n=1,2 (1)

(2)

1= o2

2

wherein 3, 1s the maximum angle that was selected with
regard to the energy deposition 1n the body and the RF volt-
age. Forexample, 3, ., canbe 160°. o,  from Equation (2)1s
hereby the flip angle of the last RF pulse before the start of the
iversion pulse series.

Within this long refocusing pulse train, the transversal
magnetization of the cerebrospinal fluid relaxes very slowly
due to the long T, relaxation time while the transversal mag-
netization of the remaining brain tissue relaxes relatively
quickly, which leads to a greater signal of the cerebrospinal
fluid relative to the other tissue components in the brain.

The magnetization of the cerebrospinal fluid and the mag-
netization of the remaining components are presented in the
course of the pulse sequence in FIG. 4. The magnetizations




US 8,072,212 B2

S

shown 1n Images 4a-4f correspond to the points 1n time that
correspond to the letters a-1 1n FIG. 2.

The solid arrow shows the magnetization of the cerebrospi-
nal fluid while the dashed-line arrow represents the other
tissue component (1.e. the non-cerebrospinal fluid). As 1s
apparent in FIG. 4A, the magnetization of the cerebrospinal
fluid an the magnetization of the remaining tissue compo-
nents are aligned along the z-axis, parallel to the polarization
field, before the beginning of the measurement. As 1s apparent
in FI1G. 4B, a magnetization 1s detected at the point 1n time b
at the end of the refocusing pulse series. An echo for both
signal components 1s generated along the y-axis due to the
refocusing pulse series, wherein more magnetization of the
cerebrospinal fluid than of the remaining tissue components

1s still present due to the longer T, time of the cerebrospinal
fluid. The two magnetization components are aligned along
the —z-direction at the point 1n time X due to the inversion
pulse series. After the mversion, the two tissue components
relax, meaning that the cerebrospinal fluid and the other tissue
components revert into the starting position with the T, relax-
ation time constant. The time spanT,_, , 1s now selected so
that the magnetization of the cerebrospinal tluid still proceeds
in a direction opposite to the z-axis before the next 90° exci-
tation at the point 1n time d while a smaller magnetization
portion of the remaining tissue again appears in the positive
z-direction due to the shorter T, time. Due to the inversion and
the subsequent first time span T, _,, the magnetization com-
ponents of the cerebrospinal fluid and the other signal com-
ponents could be separated from one another. Through the
following second acquisition (which 1s 1dentical to the first
acquisition), an echo for the cerebrospinal fluid 1s respec-
tively generated along the —y-axis after the 90° excitation
pulse and the refocusing pulses while a smaller echo signal 1s
generated along the positive y-axis for the other signal com-
ponents, as 1s apparent from FIG. 4e. This means that echoes
with opposite phase position are respectively generated 1n the
second refocusing pulse series. Due to the subsequent 90°
inversion pulse, the CSF magnetization is aligned again along
the positive z-axis while the remaining magnetization 1s
aligned along the negative —z-axis. By inserting the time span
1.~ with a time span between 500 and 5000 ms, the entire
magnetization can again relax back into the positive z-axis.
The calculation of the image that essentially possesses only
signal portions of the other signal components and no signal
portion of the cerebrospinal fluid 1s subsequently explained.
Under consideration of the opposite phase development in
acquisition 1 and 2, the signal intensities in the first acquisi-
tion I, and the signal intensity I, of the signal acquisition can
be suppressed as follows

I = csf +/ (3)

non-csf

(4)

12 p— _chffﬂjf + Cmn_g,gff}wﬂ—ﬂ.if

; cest Il + 12 (9)

non-csf —

Cesf +C

non-csf

wherein I_ -1s the signal intensity of the cerebrospinal fluid,
L, 00518 the signal intensity of the other signal components
and c_.rand c,,, .- are the scaling factors with which the
signal intensities are respectively reduced in the second
acquisition 1n comparison to the first acquisition. Since (as 1s
apparent in F1G. 4d) ¢,,,_..-1s much smaller than c__-due to
the shorter relaxation time, Equation (3) can be written as
follows
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Coss 1 + 12 Cosf 1 + 12 (0)

L

{

non-csf =

Cosf T CHDH—E.Sf Cosf

The scaling factor ¢ -can now be solved with the measure-
ment parameters with the aid of the Bloch equation

L+ (M, ¢ — De Tretaxt /71 (7)

1+ (M, — De Trelax2/2

Cesf =

wherein M, , -1s the longitudinal magnetization of CSF at the
end ot the first acquisition and M_ , ,1s the longitudinal mag-
netization of CSF at the end of the second acquisition.

However, since the signal 1, has a high CSF signal portion
and a very low non-CSF signal portion, Equation (6) yields a
very noisy image of the brain tissue since, due to the shorter
T, time, the other signal components have only a very low
signal portion. In order to prevent the noise of the image from
Equation (6) from being amplified, the noise 1n [, can be
reduced by forming a threshold. For example, a CSF mask
can be generated 1n which only the pixels that have a signal
portion 1n I, that 1s greater than the threshold are taken into
account. The other pixels are set to 0 1n I,. Equation (6) can
therefore be written as follows:

Cﬂ.ﬂ‘ffl + bl (8)

IHDH— csf = Cosf

wherein b 1s the binary CSF mask 1n order to discard pixels
with low signal portion 1n 1,.

As 1s apparent from Equation (8), an image that takes into
account an intensity of the other signal components can be
calculated with the aid of the signal of the first signal acqui-
sition, with the aid of the signal of the second signal acquisi-
tion and with the aid of the calculated scaling factor c_,
wherein the signals of the cerebrospinal fluid are suppressed.

The present invention has the advantage that no mversion
recovery technique is used, whereby the total acquisition time
1s reduced relative to conventional inversion recovery meth-
ods. Furthermore, a very good T, contrast 1s achieved 1n the
image relative to 1mages that were generated with a conven-
tional inversion recovery method. An additional, important
advantage 1s that the signal mtensity of pathological tissues
and multiple sclerosis 1s not suppressed since both the phase
information and magnitude information 1s used. Further-
more, the background signal (for example of fat, blood, liver
etc.) can be better suppressed, the radiated RF power 1s
reduced and a T, weighting 1s achieved that 1s not sensitive to
the magnetic field gradients that are used in 1maging. The
invention can always be applied when various tissue compo-
nents which have different T, and T, times should be pre-
sented separate from one another. The different T, time 1s 1n
particular necessary in order to achueve the opposite phase
position after the time span'T_, ..

Although modifications and changes may be suggested by
those skilled in the art, 1t 1s the intention of the inventor to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of his or her contribution to the art.

I claim as my 1nvention:
1. A magnetic resonance 1imaging method to separate a
signal component produced by cerebrospinal fluid, in a mag-
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netic resonance signal, from other signal components 1n said
magnetic resonance signal, comprising the steps of:

placing an examination subject, containing cerebrospinal

fluid, 1n a magnetic resonance data acquisition unit and
operating said magnetic resonance data acquisition unit
to execute a first signal acquisition sequence to obtain a
magnetic resonance signal from the examination subject
in which all signal components, including a signal com-
ponent produced by said cerebrospinal fluid, have the
same phase position;

operating said magnetic resonance data acquisition unit

with said examination subject therein to execute a sec-
ond signal acquisition sequence with spin echo-based
signals to require a magnetic resonance signal wherein
the signal component produced by said cerebrospinal
fluid has a phase position that 1s opposite to other signal
components 1n said magnetic resonance signal obtained
with said second signal acquisition sequence; and
supplying said magnetic resonance signals obtained with
said first signal acquisition sequence and said magnetic
resonance signals obtained with said second signal
acquisition sequence to an 1mage processor and, 1n said
image processor, automatically processing said mag-
netic resonance signals obtained with said first signal
acquisition sequence together with said magnetic reso-
nance signals obtained with said second signal acquisi-
tion sequence to produce a magnetic resonance 1image of
the subject 1n which the signal component produced by
said cerebrospinal fluid 1s substantially suppressed.

2. A method as claimed 1n claim 1 wherein said cerebrospi-
nal fluid has a T, time constant, and comprising, aiter execut-
ing said first signal acquisition sequence, waiting, for a time
span 1 ,_, ., that 1s smaller than said T, time constant of the
cerebrospinal fluid, before executing said second signal
acquisition sequence.

3. A method as claimed 1n claim 2 comprising repeating,
execution ol said first and second signal acquisition
sequences, and after executing said second signal acquisition
sequence and belore repeating execution of said first signal
acquisition sequence, waiting for a time span 1T, that 1s
longer than T _, ..

4. A method as claimed i1n claim 3 wherein T, , ., 1S
between 3 and 50 times longer than T,_, ;.

5. A method as claimed 1n claim 1 comprising, in said
magnetic resonance data acquisition unit, generating a polar-
ization field 1n which the examination subject 1s situated and,
at an end of said first signal acquisition sequence, inverting
magnetization 1n the examination subject counter to a direc-
tion of said polarization field.

6. A method as claimed in claim 1 comprising, 1n said first
and second signal acquisition sequences, emitting refocusing
pulses that produce multiple spin echo signals with respec-
tively different tlip angles 1n the respective magnetic reso-
nance signals.

7. A method as claimed 1n claim 1 comprising, 1n said
magnetic resonance data acquisition unit, generating a polar-
1zation field 1n which the examination subject 1s situated and,
at an end of said first signal acquisition sequence, inverting
magnetization in the examination subject counter to a direc-
tion of said polarization field by radiating an RF pulse series
into the examination subject, comprising RF pulses that first
maximize said magnetization 1n a transverse plane of the
examination subject and subsequently inverting the maxi-
mized magnetization 1n said transverse plane.

elax?2
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8. A method as claimed 1n claim 7 wherein said cerebrospi-
nal flmd has a T, time constant and comprising generating a
polarization field in said magnetic resonance data acquisition
unit in which the examination subject 1s located, and waiting,
alter executing said first signal acquisition sequence and
before beginning said second signal acquisition sequence, for
atimespan T, , , thatis smallerthan said T, time constant of
the cerebrospinal fluid, and selecting T, _, ., to cause, after
expirationof T, , ., a magnetization component of the cere-
brospinal fluid 1n said transverse plane 1s still aligned opposite
a direction of the polarization field while respective magne-
tization components of some other signal components 1s
aligned parallel to the direction of the polarization field.

9. A method as claimed 1n claim 1 comprising, 1n said
image processor, automatically generating said magnetic
resonance 1mage in which said signal contribution of said
cerebrospinal fluid 1s substantially suppressed using said
magnetic resonance signal obtain by execution of said first
signal acquisition sequence, said magnetic resonance signal
obtained by execution of said second signal acquisition
sequence, and a scaling factor that represents a signal ratio of
magnetization of said cerebrospinal fluid to a total of said
magnetic resonance signal obtained by execution of said sec-
ond signal acquisition sequence.

10. A method as claimed 1n claim 9 comprising determin-
ing said scaling factor using the Bloch equations.

11. A method as claimed in claim 1 wherein said signal
obtained by execution of said second signal acquisition
sequence represents image pixels and, 1n said 1mage proces-
sor when generating said magnetic resonance image 1 which
said signal contribution of said cerebrospinal fluid 1s substan-
tially suppressed, using only pixels, represented in said signal
obtained by execution of said second signal acquisition
sequence, that exceed a predetermined threshold.

12. A magnetic resonance system, comprising;

a magnetic resonance data acquisition unit adapted to
receive an examination subject, containing cerebrospi-
nal fluid therein;

a control unit configured to operate said magnetic reso-
nance data acquisition unit to execute a first signal acqui-
sifion sequence to obtain a magnetic resonance signal
from the examination subject in which all signal com-
ponents, including a signal component produced by said
cercbrospinal fluid, have the same phase position, oper-
ate said magnetic resonance data acquisition unit with
said examination subject therein to execute a second
signal acquisition sequence with spin echo-based sig-
nals to require a magnetic resonance signal wherein the
signal component produced by said cerebrospinal fluid
has a phase position that 1s opposite to other signal
components 1n said magnetic resonance signal obtained
with said second signal acquisition sequence; and

an 1mage processor supplied with said magnetic resonance
signals obtained with said first signal acquisition
sequence and said magnetic resonance signals obtained
with said second signal acquisition sequence to said
image processor being configured to automatically pro-
cess said magnetic resonance signals obtained with said
first signal acquisition sequence together with said mag-
netic resonance signals obtained with said second si1gnal
acquisition sequence to produce a magnetic resonance
image of the subject 1n which the signal component
produced by said cerebrospinal fluid 1s substantially
suppressed.
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